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ABSTRACT: This paper explores the possibility of using a camera and image analysis to extract congested traffic data. A video 
system was installed on the Forth Road Bridge. The system captured traffic video data at a rate of 1 frame per second for 
approximately five months. Simple image processing methods, e.g. adaptive thresholding and morphological reconstruction, are 
used to automatically analyse the images extracted from the videos. The body shapes of the vehicles are accurately extracted. 
Identified vehicles are framed within rectangles and the rectangle’s dimensions are used to approximate the length of the vehicles. 
The study confirms that the image data can be used efficiently to measure the lengths of the vehicles. The vehicle lengths can be 
ultimately used for the estimation of site specific characteristic maximum traffic load effects. 
KEY WORDS: bridge; camera; image; long-span; vehicle length; WIM. 
1 INTRODUCTION 
In recent years, the transportation of goods on roads has been 
constantly increasing [1]. Due to this fact, the effects of traffic 
on both the utility and safety of existing bridges have grown. 
Bridge traffic loading is an overlooked field [2-4] in 
comparison to resistance which has been extensively 
questioned [5-7]. 
For long-span bridges, congestion corresponds to the critical 
loading cases [8-10]. Traffic congestion is defined by a higher 
percentage of vehicles with small clearances in between 
occurring on the bridge at once. Traffic data is gathered 
globally through Weigh-in-Motion (WIM) systems [11]. 
However, only free-flowing traffic can be surveyed using such 
systems [12]. In general, WIM systems are ineffective at 
collecting congested traffic data, e.g. car-truck mixture and 
inter-vehicle clearances and the weights of vehicles in 
congested situations. Thereby, the accurate evaluation of traffic 
loading on long-span bridges becomes an issue. 
There has been little attention directed towards bridge traffic 
loading [13-16], even though the load effects represent a 
critical factor in bridge reliability assessment. Traffic loading 
on long-span bridges can be modelled using the 
microsimulation method [2, 9], which estimates particular 
characteristics for individual vehicles [17]. OBrien et al. [15] 
consider vehicles’ responses to the traffic conditions to 
estimate the car-truck mix in congested situations and how it 
differs from free-flowing conditions. The difference in the 
calculated load effect was found, for one example, to be about 
10%. Nevertheless, traffic data recorded by WIM systems in 
free-flowing conditions is in general used to model traffic 
loading on long-span bridges. This is since most WIM 
technologies do not collect reliable data in congested traffic 
conditions. Traffic data (e.g. vehicle mix, traffic speed and 
density) are also necessary in applications such as intelligent 
transportation systems (ITS) to improve the quality of road 
transport [18]. In this field, computer vision and image 
processing methods are used to collect data about traffic. These 
methods allow a better vehicle identification [19] and 
classification in various conditions of traffic [20, 21]. 
Furthermore, the traffic density can be measured [22] as well 
as the speed of vehicles [23]. Micu et al. [24] introduce standard 
image processing techniques as a novel method to gather traffic 
data in congestion. They confirm that the image data can 
provide valuable information to assess the bridge traffic 
loading. While much more traffic data could be extracted from 
images, the shortcoming of this approach is that it cannot weigh 
the vehicles. However, a length/weight relationship can be 
applied to infer estimates of weights from extracted lengths. 
This study introduces the idea of using a camera and image 
processing methodologies to evaluate the traffic loading effects 
on the Forth Road Bridge (FRB). Five months of traffic data 
stored in images are analysed by applying standard image 
processing techniques, e.g. adaptive thresholding and 
morphological reconstruction. Each image is divided into its 
three colour intensity components (RGB - red, green, blue) and 
each of them is individually analysed. The accumulation of all 
three individual results provide more accurate data concerning 
the vehicles’ body shapes. Each identified vehicle is framed 
within a rectangle and their lengths are estimated using the 
dimensions of the rectangles. A statistical correlation between 
lengths and weights is established to estimate the traffic loading 
on the bridge. 
2 DATABASE 
 Forth Road Bridge 
Traffic travelling on the Forth Road Bridge is captured and 
analysed in this work. FRB is a 2.5 km suspension bridge 
serving the traffic travelling between the north and south of 
Scotland for more than 53 years. The bridge consists of a two-
lane carriageway, cycle and footpaths in each direction. The 
bridge elevation is approximately 155 m and the clearance 
between the towers is around 1006 m. After the opening of the 
Queensferry Crossing Bridge in August 2017, the FRB is 
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closed to general traffic and forms part of a Public Transport 
Corridor.  
 Equipment for traffic monitoring 
A video system was installed on the FRB South Main Tower 
(Figure 1). This video system includes 1 internet protocol 
camera (IP camera), 1 network video recorder (NVR) and 1 
Power-over-Ethernet (PoE) power supply. One single cable 
supplies the power and network connection from the PoE 
support to the camera. The NVR has an embedded 6TB hard 
drive used for record storage. 
The video equipment was set in place in 2017 and captured 
traffic on the bridge from April to the end of August. The 
equipment collected video of the traffic on the south side span 
for both directions at a rate of 1 frame per second. 
 
 
Fig. 1: Equipment used on FRB. 
3 IMAGE DATA 
An example of a colour image of two vehicles travelling on the 
northbound lanes of the FRB is illustrated in Fig 2(a). Digital 
images are data captured by photographic devices and stored in 
big matrices. The elements of these matrices are called pixels 
and they represent colour and/or light intensity of the picture 
elements. A colour image is characterized by a three-
dimensional matrix where a colour is represented using three 
component intensities – RGB (red, green and blue). Fig 2(b) is 
an example of RGB intensities for the small area of the red car 
enclosed by the yellow rectangle in Fig 2(a). In contrast, only 
one intensity is necessary to represent a monochrome image 
because the data is store in a two-dimensional matrix [25]. On 
the FRB, the images were in colour and the presence of a 
vehicle can be detected using the examination of the three 
numbers for each pixel. 
 
 
a) 
 
b) 
Figure 2. Example of an image: a) colour image;  
b) component intensities of the pixels.  
R = Red, G = Green, B = Blue. 
 Measuring vehicle lengths  
This paper proposes measuring the vehicles lengths from the 
images. This data is essential to assess the bridge traffic 
loading. Micu et al. [24] adopted common techniques such as 
thresholding [26] and morphological reconstruction [27], to 
extract the length of the object in images. In this paper, the 
previous work is improved upon by applying an adaptive 
thresholding approach [28]. Northbound traffic on FRB is the 
area of interest of this study. Therefore, the images are cropped 
to consider only this area. An example of an image illustrating 
only the area of interest for the traffic on the bridge is shown in 
Fig. 3(a). The RGB component intensities are taken out from 
the original colour image and then individually presented as 
monochrome images. The red, green and blue intensities are 
shown in Figures 3(b), (c) and (d), respectively. 
 
  
a) b) 
  
c) d) 
Figure 3. Northbound traffic: a) RGB image – area of 
interest; b) red intensity; c) green intensity;  
d) blue intensity. 
Every colour intensity is then analysed to extract the vehicle 
lengths. The results of each colour intensity are concatenated 
and illustrated as a binary image. Fig. 4(a) presents an example 
of a binary (black and white) image. It describes a matrix with 
values for pixel intensity converted to 0’s and 1’s [29]. Objects 
with reduced area are removed and vehicle body contours are 
distinguished as shown in Fig. 4(b). Finally, the vehicles are 
framed by rectangles. Fig. 4(c) illustrates the results of 
analysing the image sample in Fig. 3(a). Each rectangle 
dimensions are then used to extract the length of each vehicle. 
  
a) b) 
 
c) 
Fig. 5. Image analysis: a) colour intensities results; b) 
vehicle contours; c) vehicle framed by rectangles. 
 
The stability of the camera is affected by the tower and deck 
displacements induced by wind. The image data contains errors 
due to the camera movements. Samples of images with 
different errors are presented in Fig. 6. Figures 6(a) and (d) 
illustrates an incomplete detection for one vehicle in each 
sample. Two samples of proper identification for most vehicles 
are shown in Fig. 6(b) and (c). In some cases, the length 
identified in the images does not match the real length of the 
vehicle, being longer or shorter than the real one. However, the 
data extracted from images is adequate to infer weights from 
lengths for statistical purposes. Finally, the bridge loading can 
be assessed using the inferred weights. 
 
  
a) b) 
  
c) d) 
Fig. 6. Examples of vehicle detection: a) sample 1; b) 
sample 2; c) sample 3; d) sample 4. 
SUMMARY AND CONCLUSION 
This paper investigates the possibility of using a camera and 
image analysis methods for monitoring traffic in congested 
conditions. Traffic on the FRB was recorded as video data for 
five months by a video system installed on the bridge. Adaptive 
thresholding as well as morphological reconstruction 
approaches are applied to analyse the frames extracted from the 
video. The identification process is shown to be efficient, and 
the results are presented as vehicles framed within rectangles. 
The rectangle dimensions are known, the lengths of the 
vehicles can be extracted. The outcomes of this work confirm 
that the camera is a feasible approach to collect data in 
congested traffic. Further, the purpose is to establish a 
relationship between lengths in images and weights in WIM 
data for the accurate assessments of the long-span bridge traffic 
loading. 
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